À Á-0.5H 2 O, (III) have been determined. All have two-dimensional layered structures based on inter-species ammonium N-HÁ Á ÁO hydrogen-bonding associations, which give core substructures consisting primarily of conjoined cyclic motifs. The crystals of (I) and (II) are isomorphous with the core comprising R 1 2 (5), R 1 2 (4) and centrosymmetric R 4 2 (8) ring motifs, giving twodimensional layers lying parallel to (100). In (III), the water molecule of solvation lies on a crystallographic twofold rotation axis and bridges two carboxyl O atoms in an R 4 4 (12) hydrogen-bonded motif, creating two R 4 3 (10) rings, which together with a conjoined centrosymmetric R 4 2 (8) ring incorporating both ammonium cations, generate two-dimensional layers lying parallel to (100). No -ring associations are present in any of the structures.
Chemical context
The crystal structures of the ammonium salts of carboxylic acids are, despite their simple formulae, characterized by the presence of a complex array of hydrogen-bonding interactions. From a study of the packing motifs of the these ammonium carboxylate salts from examples in the Cambridge Structural Database (Groom & Allen, 2014) , Odendal et al. (2010) found that two-dimensional hydrogen-bonded nets, ladders or cubane-type structures could be predicted on the basis of the size and conformation of the anions. These structures are often stabilized by -aromatic ring interactions. With the benzoic acid analogues, two-dimensional sheet structures are common with interactions involving the ammonium cations and the carboxylate anions in N-HÁ Á ÁO hydrogen bonding, forming core layer structures, with the aromatic rings occupying the interstitial cell regions, e.g. with benzoic acid (Odendal et al., 2010) , 3-nitrobenzoic acid (Eppel & Bernstein, 2009 ) and 2,4-dichlorobenzoic acid (Smith, 2014) . Three-dimensional structures are usually only formed when interactive substituent groups are present on the benzoate rings, interlinking the layers e.g. with 3,5-dinitrobenzoic acid (Smith, 2014) . The presence of water molecules of solvation may also produce a similar effect, although these are usually confined to the primary cation-anion layers.
With the phenoxyacetic acid analogues, which comprise a number of herbicidally active commercial herbicides ISSN 1600-5368 (Zumdahl, 2010) , this should also be the case. In the only reported structure of an ammonium salt of a phenoxyacetic acid [with the commercially important herbicide, the 2,4-dichloro-substituted analogue (2,4-D) (a hemihydrate) (Liu et al., 2009) (Pernak et al., 2011) .
Structural commentary
In the structures of the isomorphous ammonium phenoxyacetate (I) and (4-fluorophenoxy)acetate (II) (Figs. 1 and 2, respectively), the anionic species are essentially planar; the comparative defining torsion angles in the phenoxyacetate side chain (C2-C1-O11-C12, C1-O11-C12-C13 and O11-C12-C13-O14) are 178.93 (19), À177.48 (18) and À173.58 (18) , respectively, for (I) and À179.05 (18), À178.98 (17) and À174. 13 (17) , respectively, for (II). This planarity is also found in the MCPA anion in (III) (Fig. 3) where the corresponding torsion angles are À179.13 (15), À173.34 (14) and À178.71 (15) and is also the case with the parent acids [for (I): Kennard et al. (1982) , for (II): Smith et al. (1992) and for (III): Smith & Kennard (1981) ; Sieron et al. (2011) ]. In (III), the water molecule of solvation lies on a crystallographic twofold rotation axis.
Supramolecular features
In the crystals of (I) and (II), two H atoms of the ammonium group give cyclic asymmetric three-centre (bifurcated) N-HÁ Á Á(O,O) hydrogen-bonding interactions with the anion (Tables 1 and 2 , respectively). One of these is with two O-atom acceptors of the carboxyl group (O13, O14) [graph set R 2 1 (4)], the other is with the carboxyl and phenoxy O-atom acceptors (O13 ii , O11 ii ) of an inversion-related anion [graph set R 2 1 (5)]. These, together with a third N1-H13Á Á ÁO13
ii hydrogen bond, give a cyclic R 2 4 (8) ring motif, forming a series of conjoined rings which extend the structures along c. The other H atom gives structure extension through an N-HÁ Á ÁO hydrogen bond to a carboxyl O atom (O14 iii ), forming a two-dimensional sheet-like structure which lies parallel to (100). Present in the crystal are short inversion-related intermolecular F4Á Á ÁF4 iv contacts of 2.793 (2) Å [symmetry code: (iv) Àx + 2, Figure 1 Molecular conformation and atom labelling for (I), with inter-species hydrogen bonds shown as a dashed lines (see Table 1 for details). Non-H atoms are shown as 40% probability displacement ellipsoids.
Figure 2
Molecular conformation and atom labelling for (II), with inter-species hydrogen bonds shown as dashed lines (see Table 2 for details). Non-H atoms are shown as 40% probability displacement ellipsoids.
Figure 3
Molecular conformation and atom labelling for (III), with inter-species hydrogen bonds shown as dashed lines (see Table 3 for details). Non-H atoms are shown as 40% probability displacement ellipsoids.
Ày + 1, Àz À 1]. The crystal packing and hydrogen-bonding in (I) is identical to that in isostructural (II), as shown in Fig. 4 .
In the crystal of (III), centrosymmetric inter-ion R 2 4 (8) rings are formed between two ammonium cations and two O13 carboxyl O-atom acceptors and are bridged by a third ammonium H donor through O13
iii , extending the structure down b (Table 3 and Fig. 5 ). The fourth H atom gives extension along a through N1-H12Á Á ÁO14
ii forming an enlarged conjoined R 4 4 (12) ring, which is bridged by the water molecule of solvation lying on the twofold rotation axis, through O1W-H11WÁ Á ÁO14 hydrogen bonds. This link effectively generates two separate R 3 4 (10) ring motifs, extending the structure along a and giving the overall two-dimensional layers lying parallel to (100) (Fig. 6) . In (III), no three-centre R ) acceptors such as are present in (I) and (II) are found. The structure of (III) is essentially isostructural with that of ammonium (2,4-dichlorophenoxy)acetate hemihydrate (Liu et al., 2009) Table 1 Hydrogen-bond geometry (Å , ) for (I). 
Table 2
Hydrogen-bond geometry (Å , ) for (II). Symmetry codes:
Table 3
Hydrogen-bond geometry (Å , ) for (III). 
Figure 4
The two-dimensional hydrogen-bonded network structure of (I), which is equivalent to that of the isomorphous compound (II). Hydrogen bonds are shown as dashed lines and non-associative H-atoms have been omitted [for symmetry codes see Tables 1 and 2 ]. Table 3 ].
Figure 6
The two-dimensional hydrogen-bonded network structure of (III) in the unit cell, viewed along b.
Synthesis and crystallization
The title compounds were prepared by the addition of excess 5 M aqueous ammonia solution to 1 mmol of either phenoxyacetic acid [150 mg for (I)], (4-fluorophenoxy)acetic acid [170 mg for (II)] or (4-chloro-2-methylphenoxy)acetic acid [200 mg for (III)] in 10 mL of 10% ethanol-water. Roomtemperature evaporation of the solvent gave colourless platelike crystals of (I), (II) and (III) from which specimens were cleaved for the X-ray analyses.
Refinement details
Crystal data, data collection and structure refinement details are summarized in Table 4 . Hydrogen atoms potentially involved in hydrogen-bonding interactions were located in difference Fourier maps but were subsequently included in the refinements with positional parameters fixed and with U iso (H) = 1.2U eq (N) or = 1.5U eq (O). Other H atoms were included at calculated positions [C-H(aromatic) = 0.95, C-H(methylene) = 0.98, C-H(methyl) = 0.97 Å ] and also treated as riding, with U iso (H) = 1.5U eq (C) for methyl H atoms and = 1.2U eq (C) for other H atoms. In (III), the methyl group was found to be rotationally disordered, with the H atoms distributed over six equivalent half-sites, and was treated accordingly. Symmetry codes: (i) −x+1, y+1/2, −z+1/2; (ii) −x+1, −y+1, −z; (iii) −x+1, −y+1, −z+1.
(II) Ammonium (4-fluorophenoxy)acetate
Crystal data (7) 0.0001 (6) −0.0140 (7) O13 0.0428 (9) 0.0527 (9) 0.0362 (9) −0.0041 (7) 0.0034 (7) −0.0052 (7 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

